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Abstract; The work described herein provides a model system for appendage of the E ring of epi-17-
deoxy-(0-8)-salinomycin 3 onto bis- splroacetal aldehyde 6. The conversion of aldehyde 7to blcychc
ether 8 via silver assisted ring expansion of the mesylate derived from tetrahydrofuran alcohol 33 is
described. Attempts to provide a stereoselective synthesis of epoxide 27 required for the preparation of
33 and hence 8 are reported. Alcohol 9 was prepared by chelation controlled addition of the Grignard
reagent derived from bromide 15 to aldehyde 7. Bromide 15 in turn was prepared as a 9:1 E:Z mixture
of isomers with the required E-stereochemistry being introduced via a stereoselective Julia ring opening
of cyclopropane 20. Sharpless asymmetric dlhydroxylanon of alkenes 10 and 11 readily provided diols
22 and 25 [or 23 and 26 respectively], however, their subsequent conversion to epoxides 27 and 30 with
retention of stereochemistry proved unsuccessful. Cyclic sulfites 37, 39 and sulfates 42, 45 were

investigated as epoxide equlvalents. Base induced cycllzauon of sulﬁtes 37, 39 only afforded triols 21,
24. Analogous reaction using sulfates 42, 45 favoured endo cyclization to a tetrahydropyran ring,

however, the acidic conditions required for hydrolysis of the initial alkyl sulfate effected undesired

elimination of the resultant tertiary alcohol. Whilst a stereoselective synthesis of the correct epoxide 27
required for preparation of tetrahydropyran 8 via ring expansion of tetrahydrofuran 33 has not been

chiavad thaca Ia conversions have been successfully demonstrated by the conversion of epoxi
acnievedq, tnese iatler CONVErsions nave oeen sucCCessiuuy Gemonstrales oy ng conversion o1 \.pc)’ddes

28 and 31 to a 1:1 mixture of tetrahydrofurans 33 and 34 which were separable by flash
d1romatography Subsequent ring expansion of these tetrahydrofurans 33 and 34 to tetrahydropyrans 8

o 1A wrne affantad raman trant
and 14 was effected upon treatment with methanesulfonyl chloride followed by

© 1998 Elsevier Science Ltd. All rights rescrved.

ilvar prarhanata
1ywl \.om vUuilaww.

INTRODUCTION

The polyether antibiotic salinomycin 11 exhibits marked antimicrobial activity against Gram-positive
bacteria, mycobacteria, and fungi. Salinomycin 1 and its congeners narasin A 22 and epi-17-deoxy-(0-8)-

rowth promotants for ruminants and for

approaches to this unit. Kishi et al.4 and Yonemitsu ef al.> used an acid catalysed intramolecular ketalization

of a bis—methylacetal to construct the desired heterocycle whereas Kocienski and Brown® constructed the
1,6,8-trioxadispiro[4.1.5.3]pentadec-13-ene unit by an oxidative rearrangement of a 2-acyl furan.

Our approach to the bis-spiroacetal moiety of epi-17-deoxy-(0O-8)-salinomycin 3 resulted in
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development of an oxidative cyclization of an hydroxyspiroacetal 4 {0 a bis-spiroaceial

spiroacetal 5 is a key intermediate for the synthesis of the polyether antibiotic epi-17-(0-8)-salinomycin 3.0t

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(97)10420-3



2114 M. A. Brimble, H. Prabaharan / Tetrahedron 54 (1998) 2113-2128

not only possesses the correct stereochemistry of the bis-spiroacetal system but it also contains functional
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Salinomycin 1 R=H
Narasin A 2 R=Me
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attention has focused on a model system, namely, the conversion of the simpler aldehyde 7 to the bicyclic
ether 8. This is a worthwhile exercise given the number of steps involved to prepare bis-spiroacetal aldehyde
6.
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RESULTS AND DISCUSSION

We have previously reported an approach to bicyclic ether 8 via iodoetherification of bishomoailylic
alcohol 9 followed by ring expansion (Scheme 2).2 In this case the critical electrophilic cyclisation could not
be induced to favour the iodoether 13 required for elaboration to bicyclic ether 8, over iodoether 12 which
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leads to the isomeric bicyclic ether 14, The work described herein therefore focuses on the acid catalysed
limrat £ laxsA ida VT ta farm alanahal
cyclization of hydroxyepoxide 27 to form alcohol 33 which upon mesylation undergoes rin ansion to the

desired pyran 8. Several polyether antibiotics e.g. lasalocid A’, antibiotic X-206'°, ferensimycin B'!, and
lysocellin’? contain structural units simiiar to that present in 14 and 8 hence an efficient approach to these

bicyclic ethers is of relevance to the synthesis of these polyether antibiotics.

A e P e _— J— ;
07t i'07i ['fn '\o : = 0/é
Me H Ft I Me H Me
13 8
Scheme 2

In the synthesis of lasalocid A by Kishi et al.,"”* epoxidation of a similar bishomoallylic alcohol led to
stereoselective formation of the incorrect epoxide thereby necessitating an inelegant inversion of epoxide
stereochemistry before acid catalyzed cyclization to the correct tetrahydrofuran. In the work described herein
we therefore proposed the use of Sharpless asymmetric dihydroxylation to prepare the correct epoxide for
subsequent cyclization.

Alcohol 9 was prepared from chelation controlled addition of the Grignard reagent derived from

bromide 15 to aldehyde 7.® Bromide 15 in turn was prepared as a 9:1 E:Z mixture of isomers with the required

carbonyl ene reaction.'

In the present work bromide 15 was prepared via modification of the reported synthesis of 5-bromo-2,3-
dimethyl-2-pentene.'® Alkylation of the carbanion generated from 2-acetylbutyrolactone 16 with ethyl iodide
followed by chloride assisted decarboxylation of the alkylated product 17 afforded chloropentanone 18 in
high yield. Subsequent treatment of chloropentanone 18 with sodium hydroxide then resulted in formation of
cyclopropane 19 in 73% yield. Reduction of the ketone 19 with lithium aluminium hydride afforded alcohol
19% yield which upon conversion to the corresponding bromide using lithium bromide and phosphorus

s
lowed stereoselective formation of the desired (E)-alkene 15 in 61% vyield as a 9:1 E:Z mixture

large scale synthesis.

With bromide 15 in hand, generation of the Grignard reagent followed by addition to aldehyde 7
proceeded as reported earlier® providing alcohol 9 in moderate yield. Epoxidation of the acetate derivative 10
with m-chloroperoxybenzoic acid and dimethyldioxirane afforded a 1:1 mixture of epoxides 28 and 31. Based
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on the lasalocid work cited above, metal assisted epoxidation of alcohol 9 would have led to preferential
formation of the undesired epoxide 30 thus aternative epoxidation methods were sought.

Et
16 17 18
ICI) ?H Me
d
—C > Me )\A ———» Me _° o "
Et Et Et AN Br
19 20 15

l{eagents and conditions: (a) Na, MeOH, benzene, ethyl iodide, reflux; y1 d 82%. (b)
or. fa
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1A S0 1. 14 Q107 enfliay: viald 7
14.5% ag. nici; ywlu 7L.70. \\,; NaQH, reflux; yi€ia 73%:; \u; L:lmll4, yxcxu i

PBr3, collidine then ZnBr;, Et,0; yield 61%.
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Scheme 3.

It was envisaged that using the appropriate chiral ligand, Sharpless asymmetric dihydroxylation'® of
alkene 35 could be directed from the B-face. This approach relies on the powerful facial selectivity of the
~hiral lHioand averriding anv inherant facial calertivity in the nlafin The licand farial calantivity wnnld
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manifest itself as a diastereomeric excess in the asymmetric dihydroxylation of olefin 35 in the natural
product synthesis, whereas in the model work described herein, the ligand facial seiectivity wouid be

measured by the enantiomeric excess of the diastereomeric diols 22 [or 23] and 25 [or 26] formed.

MeZ'BuSi(I)
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and 25 as a 1:1 inseparable mixture of diastereomer
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establish the methodology for conversion of diois 22 and 25 to epoxides 28 and 31 with retention of
stereochemistry. Using the protocol established for this transformation by Sharpless et al.,"” diols 22 and 25
were treated sequentially with trimethyl orthoacetate, acetyl bromide and potassium carbonate in an attempt to
prepare epoxides 28 and 31, however, only a complex mixture resulted.

Given that the acetate group in diols 22 and 25 may have complicated the hydrolysis of the haloacetate
intermediate in the attempted conversion of the diol to an epoxide, use of a p-methoxybenzyl group as an
up for the secondary alcohol was investigated. Thus, subjection of ether 11 to
xylation as described above for acetate 10 provided the diols 23 and 26 in a 1:1

asy
ratio and in 92% yield. In this case attempted conversion to epoxides 29 and 32 as described above was also
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unsuccessful. Upon examination of the literature it then became evident that transformatior

epoxide with retention of stereochemistry has not
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trisubstituted alkene
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11: R = p-CH,C¢H4OCH3  22: R = Ac 25: R = Ac
23: R = p-CH,C¢H40CH3 26: R = p-CH,C¢H40CH3
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Scheme 4
Given the inability to convert diols 22 and 2.
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or 32 respectively], we next turned our attention to the use of a cyclic sulfate™ as an alternative to an epoxide
wm the Las: aunlicatinm: ranatinan (Cahana Y
H1 U I\Cy byhllL LIUIE 10AULIVIL \OUVLHICLILIC J ).
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Treatment of diols 22, 23 [and 25 or 26 respectively] with thionyl chloride and triethylamine followed

by oxidation with ruthenium(III) trichloride and sodium periodate afforded cyclic sulfates 40 and 41 [and 43

or 44 respectively]. Acid catalyzed cyclisation of a hydroxyl group liberated in situ from hydrolysis of a

protected alcohol onto a cyclic sulfate has been reported.'® In our case attempts to effect this transformation by

treatment of cyclic sulfates 40 and 41 [and 43 or 44 respectively] with 5% H,SO, in acetonitrile under reflux

for 20 h afforded only recovered starting material. It was therefore hoped that acid catalyzed cyclization of the
corresponding alcohols 42 and 45 would be more fruitful.

Treatment of p-methoxybenzyl ethers 41 and 44 with DDQ in wet dichloromethane afforded alcohols 42

:3

and 45 in good yield, however attempts to effect cyclization of the alcohol onto the sulfate upon refluxing in
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hydride in ethanol followed by hydrolysis of the resultant alkyl sulfate afforded a 1:1 mixture of
tetrahydrofurans 33 and 34 in 18% yield together with a 1:1 mixture of tetrahydropyrans 46 and 47 in 28%
yield. Thus, the endo mode of cyclization was favoured moderately over the exo mode of cyclization,
however, the acidic conditions required to effect hydrolysis of the initial alkyl sulfate product also effected

undesired elimination to the alkenes 46 and 47.

21+24
]
Et Et
/\AO.\ e 0O
=0 S=0
-
_ S 2%, Me E 2%, Me
a/v Me H UR Me H UR
br—37 R=H bl._:'»9:R=H
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™~ A /=0 0 Et 0
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[ 40: R =0Ac [ 43: R=0Ac
d [~ 41: R =p-CH,CsH4OCH; d [ 44: R = p-CH; C¢H4OCH;
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Reagents and conditions: (a) SOCl,, Ei;N, Et;0, 0°C; yield 88%. (b) DDQ, H,0, CH,Cly; yield 95%.
(c) SOCl,, EuN, Et,0, 0°C then RuCl;.3H,0, NalO,, CH;CN; yield 60%; (d) DDQ, H,0, CH,Cl,;
yield 74%. (e) NaH, EtOH, room temp.; yield 66%. (f) NaH, EtOH, room temp., then

Et,0, 20% H,S0y; yield 33 and 34 18% 46 and 47 28%.

1L,

In order to avoid the acidic conditions needed to hydrolyse an alkyl sul ohol, use of cyclic

fate to an alcohol, use of cyclic
sulfites 37 and 39 as a cyclization precursor was also investigated. In this case cyclization under basic
conditions would be followed directly by loss of sulfur dioxide without the need for a hydrolysis step.
Unfortunately, treatment of sulfites 37 and 39 with sodium hydride in ethanol or potassium hydride and 18-
crown-6 in DMF only afforded triols 21 and 24 presumably due to steric hindrance in the cyclization step and
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thn nee of a lege electranhilic cvelization nracurear Cuclizatione of hvdraxyvl oranng anta cvelic enlfitac and
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from disubstituted alkenes.

In order to demonstrate the feasibilty of the epoxidation/cyclization strategy (Scheme 4) olefin 10 was
treated with dimethyldioxirane in acetone affording a 1:1 mixture of epoxides 28 and 31 in 81% yield.
Deprotection of the acetate group using potassium carbonate in methanol afforded alcohols 27 and 30 which
then underwent smooth cyclization using a catalytic quantity of camphorsulfonic acid in dichloromethane to
the tetrahydrofurans 33 and 34 in 96% yield which were readily separated by flash chromatography. Finally

mesylation followed by silver assisted ring expansion using silver carbonate afforded the tetrahydropyrans 8
and 14 from 33 and 34 re pectiv ,ly_

In summary, the successful conversion of olefin 10 to the tetrahydropyrans 8 and 14 via epoxides 27 and
o ¥ | N i £ o ,..__,.;__“,_;__ = r: ring o PR S PR A YL SIS Lo S ~ PO ¥
U UCIMONSLIaley 4 llUU. 10T CONSLUIUCLII g C -Il Ig U epl-ac OX y-U O bdllllUIIlyLlIl erIn dlKCnC .
Attemnpts to provide a stereoselective method for formation of the epoxide 27 required for cyclization to the
correct tetrahydrofuran 33, and hence the correct tetrahydropyran 8, utilizing Sharpless asymmetric

dihydroxylation were, however, unsuccessful.

EXPERIMENTAL

@]
g 8

or Bruker AC 200 spectrometer. 13C NMR data were recorded using a Bruker AM 400 or Bruker A

pectrometer. 13C NMR spectra were interpreted with the aid of DEPT 135 and DEPT 90 experiments. Low

r
resolution mass spectra were recorded using a VG 70-SE spectrometer operating at an accelerating voltage of
A
143

N X7 TY: L ~ooal

fU €V, rign res solution mass Sp

at a nominal resolution of 5000 or 10000 as appropriz
Elemental analyses were performed at the Microanalytical Laboratory, Umver31‘ty of New South Wales,
Sydney. Flash chromatography was performed using Merck Kieselgel 60 (230-400 Mesh) with the indicated

solvents.
YA natvl Voathyl achnturalactana 17 The title comnound wace nrenared ucino a madification of the
A" ALTLYIT&TCTMIAY AT ITUULy I UL sWwRAw X f 11w LILIV VULLIPUVULIU VZWAS plvpaivid Wolilg G INMVMILIVAUIVIL Vi Ui

)

procedure reported by Ward et al."® 2-Acetyl-y-butyrolactone 16 (27.7 g, 216 mmol) in anhydrous benzene

(200 mL) was added dropwise to a stirred suspension of sodium metai (8 g, 348 mmol) in benzene (300 mL)
containing methanol (1.5 mL) under nitrogen. The reaction mixture became cloudy upon addition of the
lactone. The reaction mixture was stirred overnight, then heated under reflux for 3 h under nitrogen. While the
reaction mixture was still warm, ethyl iodide (126.7 g, 802 mmol) was added and the reaction heated under
reflux for 4 h after which it was left stirring overnight at room temperature. Sodium iodide was removed by
filtration and washed several times with ethyl acetate. Evaporation of the combined filtrates afforded a pale

yellow oil which was purified by distillation under reduced pressure to afford the product 17 (39.2 g, 82%) as

4 colourless oil. b.s. 127-130 °C/16 mm (1it.® 127 °C/16-18 mm He)
a COI0UrIcsd Uiy, U.P. 147100 i1V iin l uu. jRv it pe s gn
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mL) and the resultant mixture carefully heated until all gas evolution had ceased. The reaction mixture was
distilled and 75 mL of distiiiate collecied after which water (50 mL) was added and a further 60 mL of
distillate collected. The aqueous layer was separated and extracted with ether (3 x 100 mL). The combined
organic layers were dried over calcium chloride and the solvent evaporated to give the title compound 18
(34.4 g, 92%) as a pale yellow oil which was used without further purification. Spectroscopic data for this
product were in agreement to the data reported in the literature.”

1-Acetyl- l-ethylcyclopropane 19. Chloride 18 (34.4 g, 232 mmol) was slowly added to a stirred

=T =%

g, 358 mmol) in water (18 mL). The

the distillate was separated and the aqueous layer saturated with solid potassium carbonate. The aqueous layer
was extracted with ether and the combined organic layers dried over magnesium sulfate and then fractionally
distilled to afford the title compound 19 (19 g, 73%) as a colourless liquid which was sufficiently pure for use
in the next step, b.p. 145.5-148 °C/760 mm Hg (lit. 0 145-148 °C/760 mm Hg).

{11

-Ethylcyclopropyl)ethanol 20. A solution of ketone 19 (8 g, 71.4 mmol) in anhydrous ether (80

1-(
) was added dropwise to a stirred mixture of lithium aluminium hydride (27 mL of a 1M solution in ether,

LU 4 otilicil 1l AL 1LY

o

mL

27 mmol) in anhydrous ether (280 mL) at 0 °C under nitrogen. The reaction mixture was stirred at this
£~ on A | 5N S {Q ¥
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precipitate was fiitered and washed several times with ether. The combined ether extracts were dried over
sodium sulphate and the solvent removed under reduced pressure to afford a colourless oil. Purification of the
crude material by flash chromatography using pentane/ether (4:1) as eluent afforded the title compound 20 (6
g, 74%) as a clear oil; IR (neat): v (cm™) 3371 (b, OH), 2968 (s), 1455 (s), 1373 (s), 1290 (b), 1102 (s), 1078
(s); "H NMR (200 MHz; CDCl,): 8 0.30-0.40 (4H, m, CH,) 0.87 (3H, t, J,.,. 7.4 Hz, CH,CH,), 1.16 (3H, d,

J,, 6.5 Hz, CH,;), 1.32 (lH m, OH), 1.58 (24, q, J,.,-7.4 Hz, CH,CH,), 3.39 (1H, g, J,,6.5 Hz, CHOH); °C

MR (50 MHz; CDCL,): § 8.2, 9.2 (2 x CH,, C-2’, C-3"), 10.7 (CH,, C-2"), 19.4 (CH,, C-2), 24.7 (CH,, C-
1), 25.8 (quat., c-l.’), 75 (CH, C-1); MS (CI, CH,): m/z (%) 113 (M-H, 100) and 85 (M-C,H;, 21).

(E)-1-Bromo-3-ethyl-3-pentene 15. Lithium bromide (5 g, 57.6 mmol) was added to a mixture of
alcohol 20 (2 g, 17.5 mmol) and collidine (2.5 mL, 17.7 mmoi) in anhydrous ether (52 mL) cooled to -30°C.
The resultant suspension was cooled to -50 °C and stirred vigorously while phosphorous tribromide (1.67 mL,
17.58 mmol) was added dropwise over 10 min. The reaction mixture was allowed to warm to 0 °C over 1 h
and stirred at this temperature for a further 6 h. Collidine (3.3 mL, 23.9 mmol) was added, followed by water
(10 mL) and the aqueous layer extracted with ether (4 x 15 mL). The combined organic layers were washed

sequentially with saturated sodium bicarbonate (10 mL), brine (10 mL) and dried over sodium sulphate.

on of zinc bromide (A g, 17.76 mmol)

nc oromice 1112230037
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remaining bromide into the reacti

in anhydrous ether (6.8 mL). Ether (3.3 mL) was used to transfer an
1

y
warmto 0 °Cover 1 h

S si owed t nd stirring continued for a further 4
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extracted with pentane (3 x 10 mL). The combined organic layers were washed with brine (5 mL) and dried
over sodium suiphate. Evaporation of the soivent under reduced pressure afforded a colouriess oil which was
purified by flash chromatography using pentane as the eluent to give the title compound 15 (1.49 g, 61%) as a
clear oil and as a 9:1 mixture of E/Z isomers. 'H NMR, “C NMR and mass spectrometry data were in
agreement to those reported in the literature. *

(4E, 1R*, 2°S¥*)-4-Ethyl-1-(4’’-methoxybenzyloxy)-1-(2’-methyltetrahydrofur-2’-yl)-4-hexene 11.
Sodium hydride (213 mg, 60% dispersion in oil, 5.32 mmol) was added to a solution of alcohol 9* (366 mg,

174 mmr\l in anhvdrous DMF (2 D and the reaction mixture stirred for 1 h at room temnerature 4.
i./4 Mmmo n anaydrous DM (2 mi) a e reaction muxiure surreg I10r 1 o at roem lemperature.
AAathavvhanmas:l Allasida 777 sy 1 77 sasmnnal) and tateals arrnan i sndids 8 1
MEetnoxXyoenzyi Cnioriae (/7 mg, .77 1) ana ieu Qiac (S

)
n

reaction mixture and stirring continued for 48 h. Ethanol (1 mi) followed by water (0.5 mi) were added to
quench the excess sodium hydride and the resultant aqueous layer was extracted with ethyl acetate (3 x 7 ml).
The organic layers were combined, washed with water (5 ml), dried (sodium sulphate) and the solvent
removed under reduced pressure to afford an orange oil which was purified by flash chromatography using
hexane / ethyl acetate (9:1) as eluent to afford the title compound 11 as a colourless oil (500 mg, 87%); IR
(neat): v (cm™) 2967 (s), 2869 (s), 1610 (s), 1512 (s), 1463 (m), 1448 (m), 1247 (s, C-O-C asym), 1097, 1041
(b, C-O-C sym); '"H NMR (200 MHz; CDCl,): $0.95 (3H, t, J,.,. 7.6 Hz, CH,CH,), 1.15 (3H, 5, 2’-Me), 1.38-
235(10H, m, CH,), 1.58 (3H, d 67H7 1-6),3.32(1H,dd, J.,, 9.5,/ ..2.6 Hz, H-1),3.71-3.87 2H, m

I "’“’ AR5y RA22770 e ATES =25 N22% B Y24 7Y V2B &Y 245 22 N2 2y 254
H,0), 3.80 (3H, s, OMe), 4. 53 (lH d, Jyans 11.7 Hz, CH,H,Ar), 4.74 (1H, d, Jyp,, 11.7 Hz, CH,H,Ar),

c F1LT - :(rr_ IT &Y M A /(AT 1 TO ALY A TN\ TAE NIT 1 TO ATT. A TN I3/ AIMAD 78N RAYT,.
15 Url q 5 0.0 Nz, r1-J), /.22 (<01, A, J 0.4 11Z, AT-11), /.40 (<, 4, J 0.4 11Z, AT-1n1); "U NVMIK (OU IV111Z;
CDCl,): 8 12.7 (CH,;, C-27), 12.8 (CH,, C-6), 22.6 (CH,, 2’-Me), 23.8 (CH,), 26.4 (CH,), 30.5 (CH,), 32.9

(CH,), 33.4 (CH) 55.0 (OCH,), 67.7 (CH,, C-5"), 74.2 (CH,, OCH, Ar), 84.4 (CH, C-1), 86.1 (quat., C-2"),
113.5 (CH, C-3"), 117.8 (CH, C-5), 129.2 (CH, C-2"), 141.5 (quat., C-1"""), 158.9 (quat., C-4">"); MS (CI,
CH,): m/z (%) 333 (M+H, 14) 121 (M-C ;H,,0,, 100) and 85 (M-C,;H,,0,, 16); HRMS: calculated for
C, H,;0, (M+H)", 333.24292, found 333.24297.

(1IR*, 2°S*, 4R*, 5R*)- and (1R*, 2’S*, 4S*, 55*)-4-Ethyl-1-(2’-methyltetrahydrofur-2’-yl)-1,4,5-
havanatrial 71 and 24 Sadinm hvdride (7 me 03 mmol) wag cooled to 0 °C and ethanol (3.8 mI ) added A
AMACAGIIVLE IUL &k GLIW &7 Fs WWVNLUILLL ll] NELANAV L T 1116, VS ABEXARUL) MU WA IWLR B A s ALINA WRIARALIWL (e RELAL ) WENAGRS. D
armbiitlme of 12 i1l en BT fand RO (LD s V) mmrmal) tn athanal 72 T\ wing ~aes lad ta N % ond addad
SOIULION Of CYCIIC SUMILC o7 (alld 07) (Vo 1y, V.4 HIIVL) i vuiaiivl 2 14) wdd CUUILU WU U LU allu auucla

dropwise to the sodium ethoxide solution. The resultant suspension was stirred overnight, allowing the
reaction to warm to room temperature. Ethanol was removed under reduced pressure to afford a colouriess oil
which was purified by flash chromatography using hexane/ethyl acetate (1:1) and then (1:2) as eluent to
afford the title compounds 21 and 24 (50 mg, 94%) as a colourless oil; IR (neat): v (cm™) 3401 (b, OH), 2970
(s), and 1235 (C-O-C asym); '"H NMR (200 MHz; CDCl,): $ 0.83, 0.88* (3H, t, J,.,. 7.0 Hz, CH,CH,), 1.09,
1.10% (3H, s, 2’-Me), 1.15-2.10 (13H, m, CH,, H-6) 2.50 (1H, s, OH), 3.46 (1H, dd, J,,, 10.3, J, ,; 2.0 Hz, H-
1) 3.66 (1H, q, J, , 6.8 Hz, H-5), 3.63-3.91 (3H, m, CH,0 and OH), 4.25 (1H, s, OH); ’C NMR (50 MHz;

N S L ] "3 1L 11=J

CDCl ) 3 7.5, 7.8* (CH,, C-2"), 17.0 (CH,, C-6), 22.7, 22.9* (CH,, 2’-Me), 25.1, 25.1* (CH,), 26.1, 26.3*

2N (MOCIT N KT Q(CH r*<’\'7n9 ’71’7*(("“(‘5 785 7 ’7<0*(xu

'11{\ 31.1* \ _
.1 llzj, JLL\\/ILZI,UI 7\\/112,\.«.1 s 1V.0O, T 1.7 \1iy Jy I deiy i .7

.y



2122 M. A. Brimble, H. Prabaharan / Tetrahedron 54 (1998) 2113-2128

O

50), 211 ( 00), and 85 (M-C;H,,0,, 12); HRMS: calculated for C,;H,,0, (M+H)", 247.1909, found 247.1882.

i el haV 4' A

-4), 77.1, 77.3* (CH, C-1), 85.7, 85.8* (quat,, C-2’); MS (CI, CH,): m/z (%) 247 (M-H, 12), 229 (M-OH,
1

(1R¥*, 2’S*, 4R*, SR*)- and (1R¥*, 2’S*, 48*, 5§8%)-4-Ethyl-1-(2’-methyltetrahydrofur-2’-yl)- 4,5-
dihydroxyhex-1-yl acetate 22 and 25. A solution of K,CO, (147 mg, 1.06 mmol, 3 equiv.), K,Fe(CN), (350
mg, 1.06 mmol, 3 equiv.), MeSO,NH, (34 mg, 0.35 mmol, 1 equiv.), K,0s0,.2H,0 (1 mg, 0.01 equiv.) and
(DHQD),PHAL (14 mg, 0.05 equiv.) in fert-butyl alcohol-water 1:1 (3.5 ml) was cooled to 0 °C. The resulting
suspension was treated with acetate 10 (90 mg, 0.35 mmol, 1 equiv.) and the mixture stirred at this
temperature until no starting material was evident by tlc (approximately 36 h). The reaction was quenched
using Na,S,0; (790 mg, 5 mmol) and warmed to room temperature after which ethyl acetate (2 ml) was

added. The organic layer was separated and the aqueous layer extracted with ethyl acetate (3 x 7 ml). The

organic layers were combined, dried over magnesium sulphate and the solvent removed under reduced
"meraco ra t o IO N fﬁoiAl]D 117’ t el 190 mM1Iry ;GA }\‘7 HQC el fﬂm’)"l\ﬂf'ﬂ“"\‘l IMCINLY aovano lel"\\l] anratata {1 '1\ a0
Plbabulb w 51\'\/ A L1VOlIuuUuw vwwiilviil vywvQad yuxluuu U, 11Q0l1l1 \/lll\llllul\lslﬂyll], uouls LIVWVAGLIVWLEILY 1 Qv ilaie \l. l) ad
JE TR .Y SR (. PR £ A% -1 g | . T LT e IO TD fmad)e e BN AQ /L MITY
€iu 1O arrora a m lleulC Ol 44 dNd 40 a8 a CO10UriEss oOii \7/J lllg, 712370), 1IN (1ICdL). V (LI <40 (D, UrIl),

nt ac ) 34
2966 (s), 2872 (s), 1731 (s, C=0) and 1235 (b, C-O-C asym); 'H NMR (200 MHz; CDCL,): 8 0.86, 0.88* (3H,
t, J,.,.7.5 Hz, CH,CH,), 1.14, 1.15* (3H, d, J5 6.8 Hz, H-6), 1.18 (3H, s, 2’-Me), 1.35-2.10 (10H, m, CH,),
2.08 (3H, s, CH,CO), 3.10 (1H, s, OH), 3.47 (1H, q, J;4 6.8 Hz, H-5), 3.64-3.92 (3H, m, CH,0 and OH), 4.87
(1H,d, J,,9.0 Hz, CHOAC); "*C NMR (50 MHz; CDCl,): 4 8.2, 8.4* (CH,, C-2"), 18.0 (CH,, C-6), 21.4 (CH,,
CH,CO), 23.1 (CH,, 2’-Me), 25.1, 25.2* (CH,), 27.0 (CH,), 28.0, 28.1* (CH,), 32.5, 32.6* (CH,), 35.6 (CH,),
69.0 (CH,, C-5’), 71.8, 71.9* (CH, C-5), 76.0 (quat., C-4), 79.3, 79.4* (CH, C-1), 84.7 (quat., C-2’), 171.1
(quat., C=0); MS (CI, CH,): m/z (%) 288 (M*, 6), 271 (M-OH, 7), 211 (M-C,H,O,, 100), 193 (M-C,H,0,,

61), and 85 (M-C,,H,,0,, 14); HRMS: calculated for C,;H,,0O5 (M+H)*, 289.2015, found 289.1977.

j-4-Ethyi-1-(4’’-methoxybenzyioxy)-i-(2’-
methylitetrahydrofur-2’-yl)-4,5-hexanediol 23 and 26. K,CO, (325 mg, 2.35 mmol, 3 equiv.), K,Fe(CN),
(773 mg, 2.35 mmol, 3 equiv.), MeSO,NH, (75 mg, 0.79 mmol, 1 equiv.), K,0s0,.2H,0 (3 mg, 0.01 equiv.)
and (DHQD),PHAL (63 mg, 0.08 mmol, 0.1 equiv.) were dissolved in a 1:1 mixture of zert-butyl alcohol and
water (7.6 ml) and cooled to 0 °C. The resulting suspension was treated with ether 11 (268 mg, 0.74 mmol, |
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equiv.) and the mixture stirred at this temperature until no starting material was evident by tlc (approximately
120 h). The reaction was quenched using Na,S,0; (790 mg, 5 mmol) and warmed to room temperature after

2 &
which ethy! acetate (7.5 ml) was added. The organic layer was separated and the aqueous layer extracted with
arhyul anatata (2 v 10 MmN The aroganic lavere were camhined wached with 2 KOH (75 ml 15 mmaol) dried
CuUiyi altliait (J A 1V 1), 11V Ulgaliiv IayUls WLis CULLIULLIVU, VWASIIVU VWAL &iVA ARSJEL 7.0 1ikLy A0 HLIVE), Uliva

over magnesium sulphate and the solvent removed under reduced pressure to afford a residue which was
purified by fiash chromatography, using hexane/ethyl acetate (i:1) as eluent to give a mixture of 23 and 26 as
a colourless oil (272 mg, 92%); IR (neat): v (cm’ 1) 3436 (b, OH), 2966 (m), 2872 (m), 1707 (m), 1613 (s),
1514 (s), 1455 (m) and 1243 (b, C-O-C asym); 'H NMR (200 MHz; CDCl,): 8 0.85 (3H, t, J,.,. 7.3 Hz,
CH,CH,), 1.10 (3H, d, J,; 6.3 Hz, H-6), 1.16 (3H, s, 2’-Me), 1.34-2.10 (10H, m, CH,), 3.29 (1H, d, J,, 7.0
Hz, H-1), 3.64 (1H, q, J;; 6.3 Hz, H-5), 3.70-3.95 (2H, m, CH,0), 3.75 (3H, s, OMe), 4.53 (1H, d, Jyy, 4y 11
Hz, CH,CHAr), 4.53 (1H, d, Jyg 4, 11 Hz, CH,CHpAr), 6.85 (2H, d, J 8.3 Hz, Ar-H), 7.26 (2H, d,J 8.3 Hz,
Ar-H); *C NMR (50 MHz; CDCl,): 8 7.2, 7.4* (CH,, C-2"), 16.5, 16.7* (CH,, C-6), 23.3, 23.3* (CH,, 2’-
31.5, 31.6% (CH), 33.0 (CH.), 34.7 (CH,), 54.7 (CH,, OMe), 67.4 (CH,, C-5")

. ly o \Ndigfy S \Ra Ry, sty )y VT Ahos iy, VIS Vo2 Ry TS ,

Mal 24 Q (CHNY 260 (CH
Is 24 J

VU L7 A\CAy ), £0.U \dd,
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70.8, 70.9* (CH, C-5), 73.5, 73.9* (quat., C-4), 75.6 (CH,, CH,Ar), 84.8, 84.9* (CH, C-1), 85.9, 86.0* (quat.,

C-2%), 1133 (CH, C-3""), 129.2, 1293* (CH, C-2"""), 130.7 (guat., C-1°**), 158.7 {(guat.. C-4"""): MS (I
A1, L-g Jy 2OV {uaty, T 7y 1987 (Yudi., o Js VLA (%R,

CH,): m/z (%) 367 (M+H, 14), 121 (M- C;;H,,0,, 18), 121 (M-C,;H,,0,, 100) and 85 (M-C,H,.0,, 6);

ITDARAC,: nnlacilatad Lo M ~ ARALTINY VLT NAOA £ -1 NDLTAAOA

MRIviD., CdalCuldicd 101 \,21n35u5 (ivi+ri) , 50 /.4404, IOUNA 30/.2404

(1R*, 2°S*, 4R*, SR*)- and (1R*, 2°S*, 4S*, 5§*)-4,5-Epoxy-4-ethyl-1-(2’-methyltetrahydrofur-2’-
yh-1-hexanol 27 and 30. To a solution of acetate (28 and 31) (147 mg, 0.6 mmol) in 95% methanol (5 mL)
was added potassium carbonate (327 mg, 2.2 mmol). After stirring for 16 h, a saturated solution of sodium
chloride (5 mL) was added and the aqueous layer extracted with ethyl acetate (3 x 10 mL).The organic layers
were combined, dried over magnesium sulphate and the solvent removed under reduced pressure to afford a

residue which was purified by flash chromatography, using hexane/ethyl acetate (4:1) as eluent to give a
mixture of epoxides 27 and 30 as a colourless oil (272 me. 92%): IR (neat): v (em™) 3467 (b, OH) 2048 (s)

e of epoxides 27 and 30 as a colourless oil (272 mg, 92%); IR (neat): v (cm™) 3467 (b, OH), 2968 (s),
NQTY I TAKRD 127Q /oy 1201 (T _ D M acum) N77 10AK8 ¢ N cum)y D&ET (annvida) and Q7Q fam~widay. 11T
LOTL D), 19UL, 1070 (D), 1OVI \L"UL adylll), LU/ 7, 1UTJ (L-ULC D ZU S A\ LPUALUL) iuaor/s \Cpuailuc), 1

6.5 Hz, H-6), 1.39-2.18 (10H, m, CH,), 3.45 (IH, m, H-1), 3.72-3.99 (3H, m, CH,0, H-5); "C NMR (50
MHz; CDCl,): § 7.8 (CH,, C-2"), 17.1, 17.5* (CH,, C-6), 23.4 (CH,, Me-2"), 25.0 (CH,), 25.9, 26.4* (CH,),
27.7, 28.2* (CH,), 29.3, 30.1* (CH,), 32.6, 34.4* (CH,), 68.0, 68.4* (CH,, C-5"), 69.1 (quat., C-4), 72.3 (CH,
C-5), 84.1, 84.3* (quat., C-2’), 85.1, 86.7* (CH, C-1); Reacetylation of a sample of 27 and 30 afforded
acetates 28 and 31: HRMS: calculated for C,;H,,0, (M+H)", 271.1909, found 271.1921.

1 r -
L L y

NMR (200 MHz; CDCL,): § 0.89 (3H, t, J,.,. 7.4 Hz, CH.CHy), 113
?

whNhaw 1 nl asatata IR and 2?1 Lrac nrenared dimeathul diavirana (@ mI wac added tn a ecaliitian of acetata
]l}llc}\‘ --y u\.ctal‘; &0 GIIU Jide 1 1ULOM Pl\tl}alb WL LIL Y 1 BIVALL QLW \U llll,’ YW AY aulLvLu LU A oviIiuuuvll Ul avuiiaty
N 1M N £ A PO | R Ay £ I co D o b ol i A e e T o bl e cerno obssead £ YL L
1v UDA mg, U.04 ml’]’lUl) 1." dCCLOIIC {0 ITH) undacr dall duuprIlclU O6 IHUOECLL. 111C 1CalliVll wdd SUIICd 101 150 11
at room temperature however the presence of the S[artlng acetate 10 was still evident Dy tic. The solvent was

removed under reduced pressure to afford a colourless oil which was dried over magnesium sulfate and
purified by flash chromatography using hexane/ethyl acetate (9:1) as eluent to afford epoxide 28 (140 mg,
81%) as a clear oil; IR (neat): v (cm™) 2966 (s), 2872 (s), 1736 (s, C=0), 1455 (b), 1373 (s), 1232 (b, C-O-C
asym), 1038 (b, C-O-C sym), 967 (epoxide) and 885 (epoxide); 'H NMR (200 MHz; CDCl,): § 0.95 (3H, t,
J,,- 1.5 Hz, CH,CH,), 1.16 (3H, 5, 2’-Me), 1.26 (3H, d, J5 5.3 Hz, H-6), 1.35-2.30 (10H, m, CH,), 2.05 (3H,
CH,COQ), 2.85 (1H, g, J5¢ 5.3 Hz, H-5), 3.71-3.91 (2H, m, CH,0), 4.85(1H, d, J,, 7.7 Hz, H-1); C NMR
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1), 83.5 (quat., C-2%), 170.7 (quat., C=0): MS (CI, CH,):

.7 (CH,), 30.7, 30.8* (CH,), 34.4 (CHZ), 58.9, 59.0* (CH, C-5), 63.3, 63.6*
(quat., C-4), 68.2 (CH,, C-5"), 77.3

m/z (%) 284 (M+CH,, 34), 269 (M-H, 26), 225 (50), 211 (M-C,H,0,, 100), 193 (M-C,H,0,, 69) and 85 (M-
C,oH,;0,, 45); HRMS: calculated for C H,,0, (M+H)", 271.1909, found 271.1927.

0\

(28*, S5R*, 1’R, 2”S*)- and (2R*, 5R*, 1'S, 2”S§*)-2-Ethyl-2-(1-hydroxyethyl)-5-(2’-
methyltetrahydrofur-2’-yl)tetrahydrofuran 33 and 34.

To a solution of epoxides (27 and 30) (105 mg, 0.5 mmol) in dichloromethane (1.5 mL) was added
id (5 mg). After stirri ofnr 16 h, the solvent was r
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afford a residue which was purified by flash chromatography, using hexane/ethyl te (3:2) as eluent to
afford:

(1Y hictotrabvdrofiran A ac a rnloanrlace nil 188 ma S0 TR fnmaat)- y frmn Y QAAL /b OLIN AOLED 7o\ NQLL
AL esptir G yGryurdrt oo ads a LUIUUILINSS Ul (JJ g, J&470), 11X (Ti%at ). v (Ciil ) 59440 (D, UIl), 24504 (§), L0600
fat 1TAEN 7N 173400 7\ 1114 PR Ko 1o Lo W4 " o IV o N o RSN LY e ] ~ 1 —~ lyy = vm awvs
(8), 140U (3), 1307 (8), 1114 (3), 1234 (D, L-U-L asym), 10U/

(
(200 MHz; CDCl,): 0 0.88 (3H, t, J,..,.. 7.7 Hz, CH,CH,), 1.05 (3H, d, Jo' 1 6.6 Hz, 1’-Me), 1.11 (3H, s, 2"-
Me), 1.40-2.15 (10H, m, CH»), 2.44 (1H, s, OH), 3.84 (2H, t, J5* 4 6.4 Hz, CH;0), 3.93 (1H, q, J1' 2 6.6 Hz,
CHOH), 3.97 (1H, dd, J5 4A 10.6, J5 4B 5.1 Hz, H-5); 3C NMR (50 MHz; CDCl,): & 7.6 (CH3, C-2"), 17.1,
(CH;3, 2'-Me), 23.3 (CH3, C-2"), 26.3 (CH3), 28.1 (CHj), 29.3 (CHy), 29.9 (CH»), 32.7 (CH3), 68.0 (CH3, C-
5™), 69.1 (CH, C-1"), 84.1 (quat., C-2), 86.7 (CH, C-5) 88.4 (quat., C-2”); MS (CIL, CH,): m/z (%) 229 (M+H,
19), 212 (M-0, 23), 183 (M-C -C;H,;0,, 36) and 85 (M-CgH50,, 100); HRMS: ulate

VAL, 2 611132 99 '

D.

ar O
1V

"E
O
3

€ , 2866

(s), 1450 (s), 1369 (s), 1114 (s), 1232 (b, C-O-C asym), 1074 (s, C-O-C sym), 1050 (s, C-O-C sym); 'H NMR
(200 MHz; CDCl,): 6 0.88 (3H, t, J,.,. 7.4 Hz, CH,CH,), 1.03 (3H, d, J2'1 6.6 Hz, 1’-Me), 1.26 (3H, s, 2"-
Me), 1.41 (2H, q, J,..,.. 7.4 Hz, CH,CH,), 1.40-2.15 (9H, m, CH;, OH), 3.71-3.96 (4H, m, CH,O, CHOH, H-
5); ¥C NMR (50 MHz; CDCl,): 6 7.7 (CH3, C-2'"), 17.4, (CH3, 2'-Me), 24.9 (CH3, C-2), 25.8 (CHy), 27.6
(CHp), 28.1 (CH3), 30.1 (CH3), 34.4 (CH3), 68.3 (CH2, C-5"), 72.3 (CH, C-1’), 84.3 (quat., C-2), 85.1 (CH,
C-5), 89.3 (quat., C-2"); MS (CI, CH,): m/z (%) 229 (M+H, 19), 212 (M-O, 23), 183 (M-C,H,0, 38), 111 (M-
36) and 85 (M-CgH150,, 100); HRMS: ¢ ted for C,H,,0, (M+H)", 229.1804, found 229.1806.
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) 1wvdrofu (25 mg, 0.1 mmol) in dichloromethan
1) T4l 143 v (38 1 L% D 18 GIC010
I Y wae addad nuridina (DS mT Y The raactinn mivtirre wace cnnled ta 0 °C and mathanacnlfanv! chlarmda (1
1.} wad aUulU PyLIUie \V.d 1. L HU IVALUIUET TIEATRILV WA LUVILU LU VL anu liviiidilosulivil yl Villuliue (10
l ot PS P i 1 T L Y G
“L U é mmOI) was dﬂueﬂ burrmg continuea 1or 10 n I0WINE LIC 1eaction v wadllll to TOOM ICHpCrdiur

The volatile components were removed under reduced pressure, the crude mesylate dissolved in acetone (0.5
ml) and silver carbonate (12.7 mg, 46 pmol) and distilled water (5 drops) were added. After stirring for 48 h,
the reaction mixture was filtered through glass wool and washed with ethyl acetate (10 ml). The organic layer
was dried over magnesium sulphate and the solvent removed under reduced pressure to afford a residue which
was purified by flash chromatography, using hexane/ethyl acetate (3:2) as eluent to afford the title compound
8 (17 mg, 68%) as a colourless oil. '"H NMR, C NMR and mass spectrometry data were in agreement with

e n AR B o rAY 4L __ B4 <.

(ZR*, 38*, o6R*, 2'S*)-3-Eihyi-3-hydroxy-2-meihyi-6-(2'-methylteirahydrofur-2'-
yl)tetrahydropyran 14. To a solution of bistetrahydrofuran 34 (16 mg, 0.07 mmol) in dichloromethane (0.3
mL) was added pyridine (0.4 mL). The reaction mixture was cooled to 0 °C and methanesulfonyl chloride (8
uL, 0.1 mmol) was added and stirring continued for 16 h allowing the reaction to warm to room temperature.
Volatiles were removed under reduced pressure and the crude mesylate dissolved in acetone (0.4 ml) and
silver carbonate (12.7 mg, 46 pmol) and distilled water (5 drops) were added. After stirring for 48 h. the
lass wool and washed with ethyl acetate (10 ml). The organic layer wa:

purified by flash chromatography, using hexane/ethyl acet:

A
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(10 mg, 63%) as a colourless oil. 'H NMR, '*C NMR and mass spectrometry data for this product were in
agreement with those reported in the literature.®

vhhava_ 4 S.div] acatata 4 S ovelic crilfatn AN and A2 TEAl 711977 s ) 48 mmol) was disslove Palal]

JIARAGTR,OFULY 1 Al Gt Fyo=ly Ll Sundlk Gu 4fia 40, idl (107 Mg, V.00 i ) was umswvcu in ClI'y (L O
Vde B~V | QR ) . 1 L1 _ 1 /0 ..1 1 ¢ \ l

(4.0 IIit) and inionyi cnioriae {(8J i, 1.1 he reaction mixture was stirred for 2 h at room
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temperature, then cooled to 0°C and CH,CN (2.5 ml), RuCl,.3H,0 (1.4 mg, 0.007 mmol), NalO, (250 mg,
1.17 mmol) and water (3.75 ml) were added. The mixture was stirred for 30 min at O °C then 5 min at room
temperature and diluted with ether (50 ml). The organic layer was washed with water (7 ml), saturated
aqueous sodium bicarbonate (10 ml), dried over magnesium sulfate and the solvent evaporated to yield a pale
yellow oil which was purified by flash chromatography using hexane/ethyl acetate (4:1) as eluent to afford:

(i).(1R*, 2’S* 4R* 5R*)- and (IR*, 2°S*, 45*, 55*)-1-acetoxy-4-ethyl-1-(2’-methyltetrahydrofur-2’'-yl)hexa-

4,5-diyl acetate 4,5-cyclic sulfite as a colourless oil (36 mg, 17%); IR (neat): v (cm™) 2974 (s), 2876 (s), 1732
(C=O. 13721232 (C-O-C asvm.). 1202 (O, SO 1045 (C-O-C sym.): I NNMR (200 MH>- CDCL Y 8 0O
A=)y BT Ly JLdU AT QS ik s LAUL \NWuilT jy ANV DY ALy L2 ANIVARN \ WUV dVilid, bu\,la). VU V.74
(3H, t, J,.,. 7.3 Hz, CH,CH,), 1.16 (3H, 5, 2'-Me), 1.36, 1.38* (3H, d, J,; 6.5 Hz, H-6), 1.46-2.10 (10H, m,

CH,), 2.02 (3H, s, CH,CO), 3.70-3.9 (3n m, CH,0, H-5), 4.75-4.90 (1H, m, H-1); MS (CI, CH,): m/z (%)
335 (M+H, 10), 275 (M-C,H,0,, 31), 211 (M-C,H,0,S, 100), 193 (M-C,H,0,S, 43) and 85 (M-C,,H,,0.S.
23); HRMS: calculated for C,;H,,0,S (M+H)", 335.1528, found 335.1528.
(11).(IR* 2'S* 4R* 5R*)- and (1R* 2’'S* 48* 585*)-1-acetoxy-4-ethyl-1-(2’-methyltetrahydrofur-2’-yl)hexa-
4,5-diyl 4,5-cyclic sulfate 40 and 43. as a colourless oil (147 mg, 65%); IR (neat): v (cm™) 2966 (s), 2872,
1738 (C=0), 1454 (0,80,), 1372, 1234 (C-0O-C), 1210 (0,S0,), 1045 (C-O-C sym.); 'H NMR (200 MHz;
CDCl,): §0.98 (3H, t, J,.,. 7.4 Hz, CH,CH,), 1.13 (3H, s, 2’-Me), 1.42, 1.43* (3H, d, J, 5 6.5 Hz, H-6), 1.40-
0(10H, m

2.1 CH,), 2.04, 2.04* (3H, s, CH,CQ), 3.65-3.90 (3H, m, CH.0O, H-5),4,78 (0.5H,dd, J,,, 9.7, J

2 , CH,), 2.04, 1,5, CH,CO), 3.65-3.20 (3H, m, CH, 0, H 6 (0.oh,4ad,J,,,9.7, 4 55

2.5 Hz, H-1), 4.87* (0.5H, dd, J,,, 6.6, J. .. 2.2 Hz, H-1); BAONMR (SO MU (NI 871 T4*%(CH

Lo 1L, L1 l}, .01/ \V.JJ.)., uu, Jl 2A V.U, J]'ZB o hee RALsy RAT 1 J N LWAVAAN \JV UVL1 AL, \'Ublz}- .1, 1T \\./113, A
I EAAY D Q Iy MO AN O /MY UIY MM 1T O Y1 Ol 7T MY RAN A DAY N MNAQ IT N NE £ YT e Yo el

27), 13.8 (CH,, C-6), 20.8 (CH,, CH,CO), 21.8, 21.5* (CH;, 2'-Me), 25.5 (CH,), 24.6 (CH,), 25.6 (CH,), 30.3

\)

(CH,), 34.7 (CH,), 68.2 (CH,, C-5°), 76.8, 76.9* (CH, C-1), 83.2 (quat., C-2’), 84.3, 84.4% (CH, C-5), 97.4
(quat., C-4), 170.6 (quat., C=0); MS (CI, CH,): m/z (%) 351 (M+H, 14), 291 (M-C,H,0,, 93), 193 (M-
C,H,0,S, 100) and 85 (M-C, H,,0.S, 44); HRMS: calculated for C,;H,,0,S (M+H)*, 351.1477, found
351.2524.

(1R*, 2°S*, 4R*, 5R*)- and (1R*, 2’S*, 4S*, 558%)-4-Ethyl-1-(4’’-methoxybenzyloxy)-1-(2’-
methyltetrahydrofur-2’-yl)hexa-4,5-diyl cyclic sulfite 36 and 38. Thionyl chloride (33 ul, 0.46 mmol) was

SJ BRETES S i
added dropwise over 5 min, to a mixture of diols 23 and 26 (139 mg, 0.38 mmol) and triethylamine (114 pl,
N QA a1 Llooalera .. athas 7 =1) at N O Tha rannatinn mivtiira wwag otirrad at thic tammnaratnira far 2 h and
U.62 11 1) UlbbUlVC il CUICT (/7 1) at U \C., 11T ICaCUUIl HIAWIT wad duUlitil al uily wWilptiatuic 1ol < 1, aild
diluted with ether (7 mi). The organic layer was washed with water (2 x 5 mi), dried over magnesium sulfate

and the solvent removed under reduced pressure to afford a yellow oil which was purified by flash
chromatography using hexane/ethyl acetate (4:1) as eluent to afford a mixture of cyclic sulphites 36 and 38
(139 mg, 88%) as a colourless oil; IR (neat): v (cm™) 2970, 2871, 1248 (C-O-C), 1209 (0,S0), 1096, 1038
(C-0-C); '"H NMR (200 MHz; CDCl,): §0.91, 0.99* (3H, t, J,.,. 7.3 Hz, CH,CH,), 1.15 (3H, s, 2’-Me), 1.43,
1.46* (3H, d, Jgs 6.7 Hz, H-6), 1.21-2.10 (10H, m, CH,), 3.27 (1H, m, H-5), 3.79 (3H, s, OMe), 3.75-3.95
(3H, m, CH,0, H-1), 449 (1H, d, J;;, ;15 11 Hz, CH,CH;Ar), 4.66-4.82 (1H, m, CH,CH,Ar), 6.87 (2H, d, J

Jura
A4y 223 R 3y HAHB
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8.6 Hz, Ar-H), 7.25 (2H, d, J 8.6 Hz Ar-H); ?C NMR (50 MHz; CDCL,): §7.5, 7.8* (CH,, C-2"), 13.4, 13.6*
(CH,, C-6), 23.6, 23.9% (CH,, 2’-Me), 25.9 (CH,), 26.4, 26.5* (CH,), 31.0, 31.5% (CH,), 32.0, 32.3* (CH,),
33.1, 33.4* (CH,), 55.2 (CH,, OMe), 67.8 (CH,, C-5'), 74.3 (CH,, CH,Ar), 78.4 (CH, C-5), 84.2 (CH, C-1),

1 , 131.1 (quat., C-

1939 120 1 IN, RADY 74N YT N -

1o 11), 241 (M-C,H,,0,8, 21),
RMS calculated for C, H,,0,S

86.0, 86.1* (quat., C-2’ ) 94.9, 95.0* (quat., C-4), 113.7 (CH, C-3"""), 129.5 (CH, C-2%)
17’7}, 159.1 (quat., C-4""’); MS (CI, CH,): m/z (%) 411 (M {

(")
I(

(M-H S5
211 (M-C¢H,0,8, 25), 121 (M-C;;H,,0,S, 100) and 85 (M-C H,,0.S,
(M+H)", 413.1997, found 413.1998.

I

(1R*, 2°S*, 4R*, 5R*)- and (1R*, 2’S*, 4§*, 55§*)-4-Ethyl-1-hydroxy-1-(2’-methyltetrahydrofur-2’-
ybhhexa-4,5-diyl cyclic sulfite 37 and 39. DDQ (186 mg, 0.82 mmol) was added to a mixture of ethers 36 and
38 (169 mg, 0.4 mmol) in water (0.4 ml)) and dichloromethane (8 ml) at 0 °C. The reaction mixture was

stirred at this temperature for 130 min. Sodium bicarbonate (100 mg, 1.19 mmol) followed by water (8 ml)

Q08 ki

wae added and the aanemic lavar avtractad with dichlaramathane (2 v 1N mIy Tho arganie lavere A
WAS aUlUlU 4liu Iv aquiLuus 1ayvl vatlavivu widl witiiuviviiivuiaiiv (J A 1V 1y, 1ne Urgaiiil 1aycis wlic
...... o PR [P SRSV [ WJRPR Y I PR R R [y 12 ___ ‘1 1.° 1 L el 1
LUIHUIIICU Ul lCU OVCI HIaZies1uIn bu 14l ald Uul1c SOIVCIIL C©vaporaicd 1o yicida din orange oil wnicn was purl 1ed

by flash chromatography using hexane/ethyl acetate (4:1), then (1:1), as eluent to afford a mixture of cyclic
sulphites 37 and 39 (114 mg, 95%) as a colourless oil; IR (neat): v (cm™) 3558 (b, OH), 2971 (s), 2873 (s),
1248 (C-O-C asym.), 1208 (0,SO), 1044 (C-O-C sym.); '"H NMR (200 MHz; CDCl,): § 0.92, 1.00* (3H, t,
Jy. - 7.4 Hz, CH,CH,), 1.07 (3H, s, 2’-Me), 1.20-2.21 (13H, m, CH,, H-6), 3.41 (1H, m, H-1), 3.69-3.88 (3H,
m, CH,0), 4.41, 4.79* (1H, m, H-5); "C NMR (50 MHz; CDCl,): § 7.6, 7.9% (CH,, C-2"), 13.2, 13.6* (CH,,
C-6), 23.0, 23.1* (CH,, Me-2’), 23.8, 24.7* (CH,), 26.1 (CH,), 30.5, 30.7* (CH,), 36.6 (CH,), 40.8 (CH,),
67.6, 67.9* (CH,, C-5°), 78.0 (CH, C-5), 79.9 (quat., C-2’), 85.8 (CH, C-1), 95.1 (quat., C-4); MS (CI, CH,):
m/z (%) 275 (M-OH, 14), 229 (M+H-0,S, 29), 211 (M-SO,H, 100) 193 (16), and 85 (M-C(H,,0,S, 16);

IINAACQ C /AALTIIYVF NQ2
aZJ.

- caleulated for C s A7 farind 702 1499
ORIV Caicuiated 1or ‘*13“2&"—’5" (Vi+i),

14
144, I0UNG £75.1424.

(IR*, 2°S*, 4R*, 5R*)- and (IR¥, 2°S¥%, 48%, 58%)-4-Ethyl-1-(4°’-methoxybenzyloxy)-1-(2’-
methyltetrahydrofur-2’-yl)hexa-4,5-diyl cyclic sulfate 41 and 44. Thionyl chloride (96 pl, 1.32 mmol) was
added to a mixture of diols 23 and 26 (241 mg, 0.66 mmol) in CCl, (1.9 ml) and the reaction mixture stirred at
room temperature for 2 h under an atmosphere of nitrogen. The reaction mixture was cooled to 0 °C and
CH,CN (1.9 ml), RuCl,.3H,0 (1.9 mg, 0.01 mmol), NalO, (282 mg, 1.32 mmol) and water (2.85 ml) were
added. Stirring was continued at 0 °C for 30 min then at room temperature for 2 h after which ether (40 ml).

dried aver maonesium sulfate and th
€a over nd th

ILlf, \BLIUNS v QREIWGIMIIL SUIL RV &

('b
144

olvent evanorat:

.

oil which was purified by flash chromatography using hexane/ethyl acetate (4:1) as eluent

Pta e A I nnz

of cyclic sulphates 41 and 44 (169 mg, 60%) as a colourless oil; IR (neat): v (cm™) 2967, 2873, 1454 ( ,
1251 (C-0-C), 1210 (0,80,), 1097, 1040 (C-O-C); 'H NMR (200 MHz; CDCl,): 8 0.97, 1.01* (3H, t, J,.,- 7.5
Hz, CH,CH,), 1.27, 1.27* (3H, s, 2’-Me), 1.41, 1.46* (3H, d, J; 5 6.8 Hz, H-6), 1.49-2.11 (10H, m, CH,), 3.47
(1H, q, J 6.8 Hz, H-5), 3.86 (3H, s, OMe), 3.73-3.88 (3H, m, CH,0, H-1), 4.87-4.98 (1H, m, CH,CHAr),
5.03-5.14 (1H, m, CH,CHAr), 6.93 (2H, d, J 8.9 Hz, Ar-H), 7.99 (2H, d, J 8.9 Hz Ar-H); 3C NMR (50
MHz; CDCl,): 8 7.3 (CH,, C-2”), 13.9 (CH,, C-6), 22.1 (CH,, 2’-Me), 23.8 (CH,), 25.1 (CH,), 25.8 (CH,),
30.5 (CH,), 35.3 (CH,), 55.5 (CH,, OMe), 68.3, 68.4* (CH,, C-5%), 77.6 (CH,, CH,Ar), 83.6 (CH, C-5), 83.9

uat., C-2"), 84.3 (CH, C-1), 97.5 (quat., C-4), 113.8 (CH, C-3"), 122.0 (quat., C-1""), 131.7 (CH, C-2""),

{1 I,
\yuat. L Jy UTF.0 (vdky A=ady TS AL
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163.6 (quat., C-4’""); MS (CI, CH,): m/z (%) 443 (M+CH,, 13), 345 (M-C;H,0, 41), 291 M-C,H,0,, 41}, 193
(M-C. H..Q. 100), and 85 (M-C..H..0.S. 55): HRMS: calculated for C. H..O_.8 (M+IN* 4720 1046 fanund
\ 14=219 ) 73 \ i6=~33— 6% Js 2. LEILVUIAIA 1UL Sog8dgyl U0 UUVATIL ), 4701 750, 10UllG

429.2624.

(1IR*, 2°8*, 4R*, SR*)- and (1R¥, 2’S¥*, 45¥, 5§¥%)-4-Ethyl-1-hydroxy-1-(2’-methyltetrahydrofur-2’-
yDhexa-4,5-diyl cyclic sulfate 42 and 45. DDQ (198 mg, 0.87 mmol) was added to a mixture of cyclic
sulfates 41 and 44 (169 mg, 0.4 mmol) in water (0.4 ml) and dichloromethane (8 ml) at 0 °C. The reaction
mixture was stirred at this temperature for 2 h. Saturated sodium bicarbonate (8 ml) was added and the
aqueous layer was extracted with dichloromethane (3 x 10 ml). The organic layers were combined, dried over

chromatography, using hexane/ethyl acetate (4:1) and then (1:1) as eluent to afford a mixture of cyclic
cnlnhatee 42 and 458 (90 mo 74%) ac a colourless ail- TR (neat): v (em™) 3444 (b OHY 2974 2874 1454
sulphates 42 and 45 (90 mg, 74%) as a colourless oil; IR {neat): v (cm™) 3444 (b, OH), 2974, 2874, 1454
(DY QYN 124Q (OO .Y 1900 /1M QMY N 1TNA? /1O N N LY NINMAD NN M AT T Y S N Q0 21T ¢ T o BN 4
W0, ), 1230 (LmUsL ), LAUY (UpOU,), VSRS (L-U-L L I INIVIR (@UU IVELZ, W)l O U7 01, L, Jge e 1D
Hz, CH,CH;), 1.10 (3H, s, 2’-Me), 1.44, 1.47* (3H, d, J,5 6.5 Hz, H-6), 1.20-2.28 (10H, m, CH,), 2.69 (1H, s,

(CL, CH,): m/z (%) 291 (M-OH, 26), 229 (M+H-0,S, 54), 211 (M+H-SO,, 100), 193 (44), and 85 (34);
HRMS: calculated for C,;H,.0,S (M+H)*, 309.1371, found 309.1361.

Base induced cyclisation of cyclic sulfates 42 and 45. Sodium hydride (4 mg, 0.2 mmol) was cooled to
0 °C and ethanol (2.0 mL) added. A mixture of cyclic sulfates 42 and 45 (38 mg, 0.1 mmol) in ethanol (2 mL)
was cooled to 0 °C and added dropwise to the sodium ethoxide solution. The resultant suspension was stirred
overnight, allowing the reaction to warm to room temperature. Ethanol was removed under reduced pressure
to afford a colourless oil which was diluted with ether (4 mL) and treated with 20% H,SO, for 24 h. The
organic layer was separated and the aqueous layer extracted with ether. The organic layers were combined,

wac
VW asin

ed with aa. K. CO. drie
ed wiinh aq. XK, 0, drie

(i). a mixture of tetrahydro

8%) for which the 'H NMR, IR and mass spectrometry
data were in agreement with the literature.®

(ii). (28* 6R* 2'S*)- and (2R* 6R*, 2'S*)-3-Ethyl-2-methyl-6-(2'-methyltetrahydrofur-2’-yl)-5,6-dihydro-
2H-pyran 46 and 47 (8 mg, 28%) as a colourless oil;IR (neat): v (cm™) 2927, 2867, 1458, 1375, 1260 (C-O-
C), 1070 (C-0-C); '"H NMR (200 MHz; CDCl,): § 1.03 (3H, t, J2"1» 7.4 Hz, CHCH3), 1.27 (3H, s, 2'-Me),
1.18-2.25 (11H, m, 4 x CHg, 2-Me), 3.25 (1H, dd, Je 5 5.3, Js.58 11.0 Hz, H-6), 3.49 (1H, g, J,,,,.7 Hz, H-
2), 3.80-4.00 (2H, m, CH»0), 5.50 (1H, m, H-4); MS (CI, CH,): m/z (%) 225 (M+CH,, 56), 209 (M-H, 100),
113 (M-C.H ), 85 (M-C,H ,0); HRMS: calculated for C;;H,,0, (M-H)*, 209.1541, found 209.1534.

it il K VA A - - A _ i

=
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